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Using of fluctuating asymmetry in adult Pelophylax ridibundus (Amphibia: Anura:
Ranidae) meristic traits as a method for assessing developmental stability of population
and environmental quality of their habitat: industrial area in southern Bulgaria
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Abstract: One way to assess the impacts of toxicants on populations of anurans is through developmental stability (DS) – the ability to
buffer stresses during development stages. To assess the extent of possible perturbations in DS of frogs that inhabit a polluted industrial
area east of Plovdiv city, Bulgaria, we applied analysis of fluctuating asymmetry (FA) in ten morphological traits in P. ridibundus. As a
control group, we used animals inhabiting a less disrupted site. Based on the FA levels obtained for the frogs from both sites, we evaluate
the state of their habitat. In the contaminated site, the mean FAMI (frequency of asymmetric manifestation of an individual) index for
P. ridibundus individuals was 0.87 and in the reference site, it was 0.37, respectively. In our opinion, these results are evidence that in the
population inhabiting the industrial area, there are very serious disorders in DS. We believe that they are the result of the chronic effects
of stress agents of anthropogenic origin, whose negative effects affect all stages of the life of individuals. The results show that changes
in the levels of asymmetry in the meristic morphological features in adults and sexually mature individuals of P. ridibundus are a very
reliable method for bioindication.
Key words: Fluctuating asymmetry, developmental instability, industrial pollution, marsh frog, environmental health

1. Introduction
Amphibian populations are declining at a higher speed
than other vertebrate groups, and anthropogenic
contamination of the environment is one of the main
factors for this rapid decline (Whittaker et al., 2013).
Toxicants such as nutrients and heavy metals enter the
body of aquatic frogs through the food of tadpoles (algae
with accumulated toxicants or ingest sediments) or
through the skin of larval and adult individuals (metal
ions). From a toxicological point of view, reactive forms
of nitrogen (ammonium, nitrite, and nitrate) and heavy
metals are considered to be among the most detrimental
substances to the biota of freshwater ecosystems due to their
persistence and accumulation in the environment and the
aquatic organisms (Earl and Whiteman, 2009). Although
some heavy metals such as iron (Fe), zinc (Zn), manganese
(Mn), and copper (Cu), are important components of
different metalloproteins, other elements such as arsenic
(As) cadmium (Cd), mercury (Hg) and lead (Pb) are
potent toxicants even in low concentrations (Gárriz et
al., 2019). Many species of anurans cannot live in highly

polluted environments and die, but some species survive
and adapt to life under environmental stress (Sparling et
al., 2010). These anuran species are very suitable as test
subjects for bioindication analyzes (Venturino et al., 2004).
The marsh frog Pelophylax ridibundus (Pallas, 1771) is one
of the anurans’ species showing tolerance to pollutants of
industrial origin. It can accumulate various contaminants
in its tissues, which leads to physiological responses
(Zamaletdinov et al., 2019; Snegin et al., 2021), which can
be used as biomarkers (Prokic´et al., 2017). The evaluation
of these biomarkers can be indicative of the presence of
pollutants in the biotope and can be used in addition to
the information obtained from chemical analyses (Zhelev
et al., 2018).
One way to assess the impacts of toxicants, on
individuals (populations) of anurans is through
developmental stability (DS) – the ability to buffer
stresses during development: tadpoles, larval period,
adults (Van Dongen and Lens, 2000; Zakharov et al.,
2020). The most widely used measure to assess DS in wild
anuran populations is fluctuating asymmetry (FA), which
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measures the frequencies of random fluctuations in the
symmetry of bilateral traits (Guo et al., 2017; Gondim et
al., 2020). FA is an effective field method for assessing the
impact of various environmental stressors (including those
of anthropogenic origin), using the physical manifestation
of asymmetrical development (Shadrina and Vol’pert,
2016; Rodríguez-Gonzáleza et al., 2020; Zhelev et al.,
2021a). The information about the magnitude of the stress
effect obtained through the FA assessment could provide
valuable guidance for the early identification of vulnerable
populations in anthropogenically affected ecosystems.
They could also be important in decision-making for
management approaches applied in anthropogenically
transformed freshwater wetlands, in the light of the recent
global declines in amphibian populations (Conan et al.,
2021).
Our working hypothesis was based on the assumption
that in the population of P. ridibundus living in conditions
of chronic pollution with industrial wastewater, larger
disturbances in DS can be expected compared to those
from the reference site. Another objective of the study was
to perform an independent assessment of the ecological
quality of frogs’ habitats in the two investigated sites, based
on the values of the integral indicator for developmental
stability and to compare the information with the data
from physicochemical analyses of water samples from the
habitats presented in Zhelev et al. (2020). The current work
presents the results of this study. This complex approach,
together with the analyses published in Zhelev et al.
(2020, 2021b), allows not only to obtain more detailed
information of the changes occurring in populations of
anurans living under conditions of anthropogenic stress
but also to assess the need for measures to prevent greater
damages to populations.
2. Materials and methods
2.1. Sampling area and data collection
This research was conducted in spring (month April) of
2019 in two sites in southern Bulgaria: site 1 (Polluted
site) – the Chaya River (42.1561° N, 24.8973° E, 162 m a.
s. l.) and site 2 (Reference site) – the Vacha River (42.0343°
N, 24.4704° E, 200 m a. s. l.) (Figure 1). Site 1 is located
east of Plovdiv city and is heavily contaminated with
industrial wastewaters mainly nutrients (total nitrogen:
TN, ammonium nitrogen: NH+4-N, nitrate–nitrogen:
NO-3-N, and nitrite nitrogen: NO-2-N) and heavy metals
(Cu, Pb, Zn, and As). The data from physicochemical
water monitoring on site 1 for the 2015–2018 periods
are presented in Zhelev et al. (2020). These analyses were
performed by Basin Directorate of Water ManagementEast Aegean Sea, Region-Plovdiv (https://earbd.bg1) and

are in accordance with the water framework directive
WED 2000/60/EC (EC, 2000) and Ordinances No
H-4/14.09.2012 (Ordinance, 2012) and No 256/1.11.2010
(Ordinance, 2010) on the characterization of surface waters
in Bulgaria. Site 2 is inside a protected zone located south
of the town of Krichim with no impact of any industrial or
agricultural activity. The water quality in the Vacha River is
good with no pollution data (Zhelev et al., 2020).
The frogs were caught at random in the evening in
sections about 1–2 km long and 4 m wide along each of
the water bodies, according to the Sutherlands (2000)
methodology. All manipulations were performed the next
day in the field, in compliance with ethical standards for
working with live animals (Steven et al., 2004). Several
individuals of P. ridibundus from the PS were taken to the
laboratory. After ether anesthesia, they were photographed
(Figure 2) and were returned to their natural habitats after
the analysis.
For the analyses on identifying FA, only adult (SVL
> 60 mm) and sexually mature frogs (of both sexes)
were used according to the methodology of Bannikov et
al. (1977). The distinction by sex was done based on the
degree of development of marital calluses on finger one and
resonators in the corners of the mouth in male individuals.
Since disturbances in developmental stability are at stake
during the larval stages of frog development, the use of
adult individuals (age classes 3 +, 4 +, etc., according to
Bannikov et al. (1977) ensures that frogs from site 1 (the
Chaya River) have spent their lives from egg to adult in
conditions of chronic anthropogenic pollution. The data
from physicochemical monitoring conducted for 4 years
(2015–2018) show persistent anthropogenic pollution
with high concentrations of reactive forms of nitrogen and
heavy metals in this habitat (Zhelev et al. 2020, 2021b). A
total of 83 individuals of P. ridibundus (37♀ and 46♂) were
caught in the site 2 and 79 individuals (42♀ and 37♂) in
the site 1. After analyses, all frogs were returned to their
natural habitats.
2.2. Identification of FA
We assessed deviations in DS of P. ridibundus individuals
from the two investigated sites by measuring FA levels
in ten morphological meristic traits (Figure 2). This
technique was proposed by Zakharov et al. (2000a, 2000b)
and has been successfully applied in our previous studies
with this anuran species (Zhelev et al., 2013, 2014, 2015,
2017, 2019). The main advantage of the methodology is
that it allows working with live animals, which makes it
applicable even in protected species of anurans.
The data of FA for each individual was used to calculate
the index frequency of asymmetric manifestation of

Basin Directorate of Water Management-East Aegean Sea, Region-Plovdiv (2018). Bulletins for 2015-2018 periods [online]. Website https://earbd.bg
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Figure 1. An indicative map of the sites in southern Bulgaria where P. ridibundus individuals were captured in 2019.

an individual (FAMI) and the average for the habitat,
as proposed by Zakharov et al. (2001) – FAMI = (ΣXi)
/ n. In the formula, the Xi is the number of asymmetric
characters (traits) in each individual divided by the total
number of the studied characters, and n is the number of
individuals in the sample. Based on the average values of
the FAMI index, the quality of the living conditions in the
two habitats was evaluated using the scale proposed for
marsh frogs by the Zakharov et al. (2000b) and the Peskova
and Zhukova (2007). The scale classifies disturbances
in DS/habitat quality as follows: FAMI < 0.4 [grade 1:
conventional rate (clean water basin)], 0.41 ≤ FAMI ≤ 0.5
[grade 2: minimal impact on organisms (slightly polluted
water basin)], 0.51 ≤ FAMI ≤ 0.6 [grade 3: a satisfactory
condition of organisms (average polluted water basin)],
0.61 ≤ FAMI ≤ 0.7 [grade 4: an unfavorable condition
of organisms (heavily polluted water basin)] and FAMI
≥ 0.71 [grade 5: a critical condition of organisms (very
heavily polluted water basin)], respectively.
2.3. Statistical analyses
The statistical analysis was performed in R-language,
version 3.1.2. (https://www.r-project.org2) A general linear
model with a logit link function was used to evaluate the

difference in the odds for observing asymmetries between
the two groups (Molenberghs, 2003).
3. Results
A higher number of asymmetric traits were observed in
the animals inhabiting site 1. Forty-six percent of the frogs
in the latter had seven or eight asymmetric of the ten traits
examined, 29% had nine, and in 25% of the sampled frogs
all traits were asymmetric. In contrast, in site 2, 47% percent
showed only three asymmetric traits and 40% and 13%
had four or five asymmetric traits, respectively (Figure 3).
The significance of differences in the number of observed
asymmetric traits between the frogs from the two habitats
was confirmed by the statistical analysis. According to
the results of the statistical analysis, the effect of the sex
of the animals was not significant for FA manifestation
(ANOVA, χ2 = 0. 1034, df = 1, p = 0.7478). Therefore, the
data were analyzed without taking sex into account. The
results of the applied GLM model showed that the site had
a significant effect on the odds for observing asymmetries
in the studied animals (ANOVA, χ2 = 361.3304, df = 1, p <
0.0001). The odds of observing asymmetry in the complex
of 10 studied meristic traits in P. ridibundus individuals

R Development Core Team (2015). R: A language and environment for statistical computing [online]. Website https://www.r-project.org/ [accessed 16
April 2019]
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Figure 2. Photos of some asymmetric P. ridibundus individuals from site 1: the Chaya River in southern Bulgaria. Legend: a–d:
asymmetric morphological traits on the back of the body and hind limbs of frogs, e–f: asymmetric morphological traits on the fingers of
frogs. Trait 1 – number of stripes on the dorsal side of the thigh (femur); trait 2 – number of spots on the dorsal side of the thigh; trait
3 – number of stripes on the dorsal side of the shank (crus); trait 4 – number of spots on the dorsal side of the shank; trait 5 – number
of stripes on the foot (pes); trait 6 – number of spots on the foot; trait 7 – number of stripes and spots on the back (dorsum); trait 8 –
number of white spots on the ventral side of the second finger of the hind leg; trait 9 – number of white spots on the ventral side of the
third finger of the hind leg; trait 10 – number of white spots on the ventral side of the fourth finger of the hind leg.

from the reference site were 0.577. At the same time, in P.
ridibundus individuals from the polluted site, the odds of
asymmetry were 11 times higher than in RS frogs (odds =
11.287) (Table).
The mean FAMI index for P. ridibundus individuals
from the reference site was 0.37 ± 0.01, and it was 0.87
± 0.01 for those from contaminants (Table). According
to the scales of Zakharov et al. (2000b) and Peskova and
Zhukova (2007), the habitat at Vacha River received a
score of 1 (relatively clean), and the one at Chaya River, a
score of 5 (very heavily polluted).

4. Discussion
The results obtained in the present study indicate low levels
of asymmetry in the population of P. ridibundus from the
habitat at the river of Vacha, south of the town of Krichim.
This means that the living conditions at this site are good.
The results obtained for the FAMI index values in the
population inhabiting the Vacha River are in agreement
with the data from physicochemical analyzes for this part
of the river, which show levels of anthropogenic pollution
within the permissible norms for the country (see Zhelev
et al., 2020). We can conclude that this population
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Figure 3. Proportion of individuals with respective FAMI values by sexes (a) and by sites (b).
Table. The FAMI values (means ± standard errors) of asymmetric individuals (upper part). Results from statistical
analysis of the effect of the habitat on the rate of observed asymmetries in the studied P. ridibundus individuals
(lower part).
Reference site

Polluted site
FAMI index

n = 83

FAMI index

0.37 ± 0.01
Grade scale (1)
Estimate

GLM model
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n = 79

0.87 ± 0.01
Grade scale (5)

Std. Error

Z value

P-value

Odds

Intercept

–0.54827

0.07205

–7.62

< 0.001

0.577

Polluted site

2.42373

0.12718

19.06

< 0.001

11.287
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develops in environmental conditions close to optimal
in the absence of serious stressors. In the population of
P. ridibundus inhabiting the Chaya River, we observed
very high levels of asymmetry, which is a manifestation of
serious disorders in the development stability. The reasons
for the high values of the FAMI index, in our opinion,
should be sought in the high doses of reactive forms of
nitrogen and heavy metals present in this habitat (Zhelev
et al., 2020). As FA levels are set during larval periods,
high FAMI levels in P. ridibundus adults tested mean
that these animals have been under severe stress since
the early stages of their development. There are reports
that FA levels in anurans populations may decrease after
an improvement of the living conditions in the habitat
(Vasilev and Vasileva, 2009). The results from the current
study indicate that the animals from the polluted site at
the Chaya River are strongly affected by the long-term
presence of toxic agents in their habitat; these observations
are also supported by the data from the physicochemical
analysis (Zhelev et al., 2020). In addition, this thesis is
confirmed by the results obtained in the analysis of several
morpho-physiological parameters conducted on animals
from the same population of P. ridibundus in the previous
year. We found severely impaired physical fitness (health
status) of these frogs (low body weight and condition),
weakened immunity (anemia and leukopenia), and
impaired function of major metabolic organs such as the
liver, spleen, and kidneys (Zhelev et al., 2020). Spherical
and oval erythrocytes circulated in the blood of frogs,
which is a compensatory reaction to tissue hypoxia (Zhelev
et al., 2021b)
The main body of the works studying the variations
of FA levels in meristic traits of anurans (in particular
P. ridibundus) was conducted by groups in the Russian
Federation, Belarus, Ukraine, Georgia, Kazakhstan, and
Uzbekistan (Chubinishvili, 1998; Zakharov et al., 2000a,
2000b; Chikin, 2001; Loginov and Gelashvili, 2001;
Ustyuzhanina and Streltsov, 2001a, 2001b; Nikashin, 2005;
Fomin, 2006; Maksimov, 2007; Peskova et al., 2011). There
are isolated studies in China (Guo et al., 2017) and Turkey
(Dönmaz and Şişman, 2021). In the majority of these
studies, the authors found low levels of asymmetry (degree
1 and 2) in anurans populations living in near-optimal
environmental conditions (Zakharov, 1987; Hitsova et
al., 2004; Peskova and Vasyutina, 2005). These are usually
areas away from human industrial and agricultural activity
or in protected areas. High levels of asymmetry (degrees 4
and 5) are commonly reported in populations of anurans
inhabiting sites contaminated with various types of toxic
agents such as heavy metals (Loginov and Gelashvili, 2001;

Guo et al., 2017; Dönmaz and Şişman, 2021), pesticides
(Ustyuzhanina and Streltsov, 2001a, 2001b), reactive
forms of nitrogen and phosphates (Erdneev and Zvolinsky,
2002; Peskova and Zhukova, 2007; Vasilev and Vasileva,
2009), industrial chemical pollution (Chubinishvili,
1998). Our long-term studies conducted in populations
of P. ridibundus inhabiting freshwater ecosystems with
different types of anthropogenic pollution in the territory
of southern Bulgaria also confirmed that high values of
FA are always found at high concentrations of toxic agents
regardless of their type (Zhelev et al., 2013, 2014, 2015,
2017, 2019).
4.1. Conclusion
The results of this study are evidence that the FA levels
in the meristic traits at the dorsal side and limbs of adult
P. ridibundus individuals have their place in the field
bioindication analyses. The method provides information
on changes in developmental stability of P. ridibundus
populations living in an environment with a persistent
presence of anthropogenic stressors and expands and
complements the information obtained in routine
physicochemical tests. Being noninvasive, relatively easy
to implement, not requiring expensive equipment and
consumables, the method has the potential to become
more widely used in monitoring programs in different
countries where P. ridibundus is a widespread species. Of
course, the analysis of FA in anurans cannot completely
replace chemical analyzes of water, but it can provide
objective and sufficiently reliable information about the
long-term effects of stressors. As the physicochemical
analyses provide a “snapshot” of the state of the water body
and take into account the presence or absence of toxic
agents at the time of sampling, the analysis of asymmetry
levels provides information about the long-term effects
of the exposure. When the analyses of FA in anurans are
combined with the assessment of the condition of other
biomarkers (in particular the morpho-physiological
parameters analyzed by us), the obtained information can
be even more complete.
Acknowledgments/disclaimers/conflicts of interest
According to clause number 42, clause number 41, and
appendix 2 to clause number 41 of the Bulgarian Law
on Biological Diversity, capture permits for P. ridibundus
are not required for scientific research. In this research,
all applicable international, national, and/or institutional
guidelines for the care and use of animals were followed.
The authors declare that they have no competing
interests.

225

ZHELEV et al. / Turk J Zool
References
Bannikov AG, Darevskii IS, Ishtenko VG, Rustamov AK, Shterbak
NN (1977). A Guide to the Amphibians and Reptiles of the
USSR. Moscow, Russian Federation: Prosveshtenie (in Russian).
Chikin YA (2001). Monitoring of toad populations for homeostasis.
In: Yashchenko RV (editor). Proceedings of the reserves of
Uzbekistan. 3rd ed. Tashkent, Uzbekistan: Chinor ENK, pp.
138-146 (in Russian).
Chubinishvili AT (1998). Evaluation of the status of nature population
of the marsh frog (Rana ridibunda Pall) in the region of
the Nizhniy Volga by the homeostasis of the development:
cytogenetic and morphogenetic approaches. Russian Journal of
Zoology 77 (2): 942-946 (in Russian).
Conan A, Jonathan J, Nathan D, Manfred E, Jean-Yves G et al. (2021).
Can road storm water ponds be successfully exploited by the
European green frog (Pelophylax sp.)? Urban Ecosystems. 25:
35-47. doi:10.1007/s11252-021-01129-z
Dönmez M, Şişman T (2021). The morphometric and erythrometric
analyses of Pelophylax ridibundus living in anthropogenic
pollution resources. Turkish Journal of Zoology 45 (4): 314328. doi:10.3906/zoo-2104-16
Earl JE, Whiteman HH (2009). Effects of pulsed nitrate exposure
on Amphibian development. Environmental Toxicology and
Chemistry 28 (6): 1331-1337.
EC Directive 2000/60/EC of the European Parliament and of the
Council establishing a framework for Community action in the
field of water policy. Official Journal of the European Union, L
327: 1-73.
Erdneev AS, Zvolinsky VP (2002). Phenetic studies of natural
populations of Rana ridiunda. Moscow, Russian Federation:
Science (in Russian).
Fomin AS (2006). Features of the ecology of the lake frog Tagil
metallurgical plant. Water Sector of Russia, 6 (2): 50-57 (in
Russian).
Gárriz Á, Del Fresno PS, Carriquiriborde P, Miranda LA (2019).
Effects of heavy metals identified in Chascomús shallow lake on
the endocrine-reproductive axis of pejerrey fish (Odontesthes
bonariensis). General and Comparative Endocrinology 273 (1):
152-162.
Gondim PdeM, Rodrigues JFM, Cascon P (2020). Fluctuating
asymmetry and organosomatic indices in anuran populations in
agricultural environments in semi-arid Brazil. Herpetological
Conservation and Biology 15 (2): 354-366.
Guo R, Zhang W, Ai S, Ren L, Zhang Y (2017). Fluctuating
asymmetry rather than oxidative stress in Bufo raddei can be an
accurate indicator of environmental pollution induced by heavy
metals. Environmental Monitoring and Assessment, 189: 293.
doi:10.1007/s10661-017-5991-6
Hitsova AN, Sherstyanih VA, Butov GS (2004). To assess the state
of the environment by the homeostasis of the marsh frog in
Central Chernozemya, Voronezh. Status and problems in
the Middle Russian forest-steppe ecosystem, 1 (1): 1-34 (in
Russian).

226

Loginov VV, Gelashvili DB (2001). Morphogenetic and cytogenetic
characteristics of natural populations of green frog hybrid
complex Rana esculenta in natural conditions in Nizhny
Novgorod region. In: Bakiyev AG (editor). Current Problems
of Herpetology and Toxicology. 1st ed. Tolyatti, Georgia: IEVB,
pp. 62-69 (in Russian).
Maksimov SV (2007). The study ofsigns of asymmetry in the
complex European green frogs (Rana ridibunda, R. lessonae,
R. esculenta). In: Lasko SK (editor).The structure, status and
protection of ecosystems Prihoperja, International collection
of scientific articles. 1st ed. Balashov, Nikolaev, Russian
Federation: Science, pp. 93-96 (in Russian).
Molenberghs G (2003). Statistical methodology in biometry.
Biometrics 1 (1): 1-20.
Nikashin IA (2005). Assessment of the developmental stability of the
Voronezh River in the marsh frog. Problems Natural Sciences
13 (2): 24-26 (in Russian).
Ordinance No 256 of 1.11.2010 (2010) for Standards on
environmental quality for priority substances and for certain
other pollutants, State Gazette 88: 1-20 (in Bulgarian).
Ordinance No H-4/14.09.2012 (2012). On the characterization of
surface waters (2012). State Gazette 22 1-54 (in Bulgarian).
Peskova TYu, Vasyutina AV (2005). Comparison of fluctuating
asymmetry in the populations of the marsh frog in
mountainous and lowland areas. In: Tembotova FA (editor).
Mountain ecosystems and their components. 1st ed. Nalchik,
Russian Federation: KBNC Academy of Sciences, pp. 53-55 (in
Russian).
Peskova TY, Zhukova TI (2007). The usage of amphibians for bioindication of water pollution. Science Kuban 2 (21): 22-25 (in
Russian).
PeskovaTYu, Zhukova TI, Velichko TS (2011). Fluctuating
asymmetry of marsh frog and green toad. In: Ananjeva NB
(editor). Problems of Herpetology: Proceedings of the 4th
Meeting of the Nikolsky Herpetological Society. 3rd ed. SaintPetersburg, Russian Federation: Russian Collection Publishing
pp. 219-223 (In Russian).
Prokic´ M, Borkovic´-Mitic´ S, Krizmanic´ I, Gavric´ J, Despotovic´
S et al. (2017). Comparative study of oxidative stress parameters
and acetylcholinesterase activity in the liver of Pelophylax
esculentus complex frogs. Saudi Journal of Biological Science
24 (1): 51-58. doi:10.1016/j.sjbs.2015.09.003
Rodríguez-Gonzáleza AL, May-Teca J, Herrera-Silveirab C, PuchHauc M, Quintanilla-Menac J et al. (2020). Fluctuating
asymmetry of sclerotized structures of Haliotrematoides spp.
(Monogenea: Dactylogyridae) as bioindicators of aquatic
contamination Ecological Indicators 117: 106548. doi:
10.1016/j.ecolind.2020.106548
Shadrina E, Vol’pert Y (2016). Fluctuating asymmetry of craniological
features of small mammals as a reflection of heterogeneity
of natural populations. Symmetry 8 (12): 142. doi:10.3390/
sym8120142

ZHELEV et al. / Turk J Zool
Snegin EA, Barkhatov AS, Kiselev VV, Yusupov SR, Snegina EA
(2021). Estimation of genomic DNA damage in populations
of the marsh frog (Pelophylax ridibundus Pallas, 1771) of the
Belgorod agglomeration by DNA comet assay. Tomsk State
University Journal of Biology 55:58-76 (in Russian). doi:
10.17223/19988591/55/4
Sparling WD, Linder G, Bishop AC, Krest KS (2010). Ecotoxicology of
Amphibians and Reptiles. SETAC Technical Publications Series.
2nd ed. Florida, USA: CRC Press.
Steven J, Jacobson ER, Lillywhite HB, Zamundo K (2004). Guidelines
for use of Amphibians and Reptiles in field and laboratory
research. Second Edition, Revised by the Herpetological Animal
Care and Use Committee (HACC) of the American Society of
Ichthyologists and Herpetologists USA: 43 pp.
Sutherland WJ (2000). The Conservation Handbook: Research,
Management and Policy. Oxford, United Kingdom: Blackwell
Science.
Ustyuzhanina OA, Streltsov AB (2001a). Bio-indication assessment of
environmental quality in the floodplains of the Oka and the Ugra
for homeostasis of the marsh frog Rana ridibunda. In: Ananjeva
NB (editor). Problems of Herpetology: Proceedings of the 1th
Meeting of the Nikolsky Herpetological Society - Pushchino,
Moscow, St. Petersburg. 1st ed. Saint-Petersburg, Russian
Federation: Publishing House of the Saint-Petersburg University
pp. 298-299 (in Russian).
Ustyuzhanina OA, Streltsov AB (2001b). Assessing the impact of urban
areas on the marsh frogs. In: Ananjeva NB (editor). The study of
the nature of the Oka River basin: Abstracts of scientific-practical
conference “Oka River -the third millennium” Kaluga, May 2125. 1sted. Kaluga, Russian Federation: KSPU pp. 167-170 (in
Russian).
Van Dongen S, Lens L (2000). The evolutionary potential of
developmental instability. Journal of Evolutionary Biology13 (2):
326-335. doi:10.1046/j.1420-9101.2000.00169.x
Vasilev AG, Vasileva IA (2009). Phegogenetic monitoring of plant and
animal impact populations under anthropogenic environment
press. Bulletins Belgorod University 3 (1): 1-12 (in Russian).
Venturino A, Rosenbaum E, Caballero de Castro A, Anguiano OL,
Gauna L et al. (2004). Biomarkers of effect in toads and frogs.
Biomarkers 8 (3-4): 167-186. doi:10.1080/1354700031000120116
Whittaker K, Koo MS, Wake DB, Vredenburg VT (2013). In: Levin
SA (editor). Global declines of amphibians. Encyclopedia of
biodiversity. 2nd ed. Waltham, USA: Academic Press, pp. 691699. doi:10.1016/B978-0-12-384719-5.00266-5
Zakharov VM (1987). Asymmetry of Animals. Moscow, Russian
Federation: Science (in Russian).
Zakharov VM, Baranov AS, Borisov VI, Valetsky AV, Kryazheva NG
et al. (2000a). Health of Environment: methods of assessment.
Moscow, Russian Federation: Center for Russian Environmental
Policy (in Russian).
Zakharov VM, Chubinishvili AT, Dmitriev SG, Baranov AS, Borisov VI
et al. (2000b). Health of Environment: Practice of the assessment.
Moscow, Russian Federation:Center for Russian Environmental
Policy (in Russian).

Zakharov VM, Zhdanova NP, Kirik EF (2001). Ontogenesis and
population: evaluation of developmental stability in natural
populations. Russian Journal of Developmental Biology 32 (6):
336-351.
Zakharov VM, Shadrina EG, Trofimov IE (2020). Fluctuating
asymmetry, developmental noise and developmental stability:
Future prospects for the population developmental biology
approach. Symmetry 12: 1376. doi:10.3390/sym12081376
Zamaletdinov RI, Nazarov NG, Svinin AO, Drobot GP, Sal’nikova EYu
(2019). Biochemical peculiarities of the peripheral blood of the
Pelophylax lessonae pond frog (Camarano, 1882) of the Kazan
city populations. University Proceedings or the Volga Region 25
(1): 41-49. doi:10.21685/2307-9150-2019-1-5
Zhelev Zh, Popgeorgiev G, Georgieva Zh (2013). Ecological status
of the river Sazliyka and its tributaries (Southern Bulgaria) as
indicated by developmental stability of Pelophylax ridibundus
(Amphibia: Ranidae). Acta Zoologica Bulgarica 65 (3): 371-380.
Zhelev ZhM, Popgeorgiev GS, Georgieva ZhK (2014). Fluctuating
asymmetry in the populations of Pelophylax ridibundus and
Pseudepidalea viridis (Amphibia: Anura) in the region of the
lead and zinc plant “Kardzhali” (South Bulgaria). Acta Zoologica
Bulgarica 66: 83-87.
Zhelev ZhM, Popgeorgiev GS, Arnaudov AD, Georgieva KN, Mehterov
NH (2015). Fluctuating asymmetry in Pelophylax ridibundus
(Amphibia: Ranidae) as a response to anthropogenic pollution
in South Bulgaria. Archives of Biological Science Belgrade 67:
1009-1023. doi:10.2298/ABS141210064
Zhelev ZhM, Tsonev CV, Arnaudova DN (2017). Health status of
Pelophylax ridibundus (Pallas, 1771) (Amphibia: Ranidae) in
a rice paddy ecosystem in southern Bulgaria: body condition
factor and fluctuating asymmetry. Acta Zoologica Bulgarica 69
(Suppl. 8): 169-177.
Zhelev Z, Tsonev C, Georgieva K, Arnaudova D (2018). Health
status of Pelophylax ridibundus (Amphibia: Ranidae) in a rice
paddy ecosystem in Southern Bulgaria and its importance in
assessing environmental state: Haematological parameters.
Environmental Science and Pollution Research 25 (8): 78847895. doi:10.1007/s11356-017-1109-5
Zhelev ZhM, Tsonev SV, Angelov MV (2019). Fluctuating asymmetry
in Pelophylax ridibundus meristic morphological traits and
their importance in assessing environmental health. Ecological
Indicators 107: 105589. doi:10.1016/j.scolind.2019.105589
Zhelev ZhM, Arnaudova DN, Popgeorgiev GS, Tsonev SV (2020). In
situ assessment of health status and heavy metal bioaccumulation
of adult Pelophylax ridibundus (Anura: Ranidae) individuals
inhabiting polluted area in southern Bulgaria. Ecological
Indicators 115: 106413. doi:10.1016/j.ecolind.2020.106413
Zhelev Z, Mollov I, Tsonev S (2021a). Fluctuating asymmetry in
meristic morphological traits of Bufotes viridis (Laurenti, 1768)
(Anura: Bufonidae): Application for assessing environmental
quality of two semi-natural habitats in Plovdiv city, Bulgaria.
Acta Zoologica Bulgarica73 (3): 401-407.
Zhelev ZM, Arnaudova DN, Popgeorgiev GS, Tsonev SV (2021b).
Determinations of erythrocyte sizes in adult Pelophylax
ridibundus (Amphibia: Anura: Ranidae) inhabiting industrial
area in southern Bulgaria. Water Air and Soil Pollution 232: 125.
doi:10.1007/s11270-021-05072-9

227

